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SPECinCATION 



TITLE OF THE INVENTION 

Memory System 
CLAIMS 

( 1 ) A memory system, comprising a plurality of storage device blocks with 
different operating times, an address decoder that receives system address 
signals and detects access to said storage device blocks, a counting circuit 
that sets an initial value equivalent to the access time in the storage device 
block corresponding to the address decoder's output signal and that 
measures time using a specified pulse signal, and a timing control circuit 
that sets writing or reading operating time for the storage device block 
according to the counting circuit's output signal. 

(2) The memory system set forth in claim 1 , wherein said counting circuit 
comprises a shift register. 

(3) The memory system set forth in claim 1 or claim 2, wherein said timing 
control circuit forms a timing signal that takes the read output signal into a 
latch circuit and an operation end signal sent to a central processing 
device. 

DETAILED DESCRIPTION OF THE INVENTION 
Technical Field 

The present invention pertains to a memory system, for example, to a technique 
for effective timing control of a memory system comprising a storage device block using 
high-speed storage devices and a storage device block using low-speed storage devices. 
Prior Art 

For example, if a single memory system comprises a plurality of storage device 
blocks with different operating times, such as high-speed RAM (random access memory), 
low-speed RAM, or ROM (read only memory), the operating time is different for each 
storage device block, so the following sorts of problems occur in timing control thereof. 
If all of the storage device blocks are controlled with a single timing, all of the storage 
device blocks are operated according to the timing of the slowest storage device block. 
On the other hand, if each storage device block is accessed with the optimal timing by 
providing them with individual timing generation circuits, this leads to the problem that 
timing control circuit becomes complex and the number of constituent components 
increases. 

Object of the Invention 

The object of the present invention is to provide a memory system that can access 
a plurality of storage device blocks with different operating speeds based on their 
respective optimal timing by means of a simple constitution. 
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The aforesaid and other objects of the present invention and its novel features 
shall become clear from the description in this specification and from the drawings. 

Summary of the Invention 

Of the inventions disclosed in this application, a summary of a representative one 
can be simply explained as follows. That is, it receives a system address signal and 
detects access to storage device blocks with different operating speeds, and sets an initial 
value equivalent to the access time in the storage device block corresponding to the 
output signal, and sets the writing or reading time for each storage device block 
according to the output signal from a counting circuit which measures time using a 
specified pulse signal. 

Working Example 

FIG. 1 is a block diagram of one working example of the present invention. The 
memory system in this working example is not particularly restricted, but the example 
described is one that uses two types of storage devices: high-speed storage device 6 and 
low-speed storage device 7. 

In this working example, timing control of the aforesaid storage devices 6 and 7 is 
performed by a timing control circuit as follows. That is, access to one of two types of 
memory device 6 or 7 is detected by address decoder I receiving a system address signal 
from address bus AB. This detection output ml and m2 is used as selection signals for 
selector 4. Selector 4 selects storage means 2 and 3, which are holding initial values Tl 
and T2, and supplies initial values Tl or T2 to shift register 5. Shift register 5 loads the 
aforesaid initial values Tl or T2 according to timing signal 01 formed by the aforesaid 
address decoder 1. This is not particularly restricted, but shift register 5 comprises a 10- 
bit shift register. Output signal D7"-D10, which is the seventh through tenth bits of shift 
register 5, is then supplied to a timing detection circuit constituted using the AND gate 
circuits G1--G4. 

That is, seventh bit signal D7 is inverted by inverter circuit FVl, and is supplied 
with eighth bit signal D8 as input to AND gate circuit G4. AND gate circuit G4's output 
signal is used as a strobe signal for latch register 8, which receives read output signal Dout 
from storage device 6 or 7. The aforesaid address decoder 1 *s output signal ml and shift 
register 5's eighth bit signal D8 are supplied as input to AND gate circuit G2. AND gate 
circuit G2's output signal CS 1 is used as a chip selection signal for high-speed storage 
device 6. The aforesaid address decoder circuit Ts output signal m2 and shift register 5's 
eighth bit signal D8 are supplied as input to AND gate circuit G3. AND gate circuit G3's 
output signal CS2 is used as a chip selection signal for low-speed storage device 7. Also, 
shift register 5's ninth bit signal D9 is inverted by inverter circuit rV2 and is supplied 
with tenth bit signal D 1 0 as input to AND gate circuit G 1 . AND gate circuit G Ts output 
signal is used as operation end signal ACK sent to a central processing unit (CPU) not 
shown in the drawing. 

Meanwhile, the storage device side controlled by the aforesaid timing control 
circuit is connected to data bus DB via bidirectional buffer 9, which is connected to 
storage devices 6 and 7's data input Din and data output Dour via the aforesaid latch 
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register 8. Furthermore, address signals are supplied to the storage devices 6 and 7 from 
address bus AB (not shown in drawing). 

Next, the operation of the memory system in this working example shall be 
described according to the timing diagrams of FIG. 2 and FIG. 3. 

FIG. 2 shows a timing diagram when accessing low-speed storage device 7 (M2). 
This working example is not particularly restricted, but 01 1 1 1 1 1100 is held in storage 
means 3 as its initial value T2. Therefore, when a system address signal to select storage 
device 7 is supplied to address decoder 1, its output signal m2 is formed, and via selector 
4 the aforesaid initial value T2 is supplied to shift register 5. Then the aforesaid initial 
value T2 is taken into shift register 5 in sync with load signal i^l formed by output signal 
m2 and clock (]). Therefore the seventh and eighth bit signals D7 and D8 become 1 per 
the timing of the first clock <j), and the remaining ninth and tenth bit signals D9 and D 10 
become 0. This sort of initial value T2 is sequentially shifted to the right, one bit at a 
time, according to clock <(). Signals D9 and DIO sequentially become 1, each delayed one 
clock by the shift operation. Also, when the seventh clock <{) arrives, first bit 0 in initial 
value T2 is shifted to the seventh bit, so signal D7 becomes 0. Subsequently, signals 
D8-D10 also sequentially change to 0, each delayed by one clock. 

Through the aforesaid shift operation of shift register 5, storage device 7 (M2) is 
selected by the output signal CS2 of AND gate circuit G3, which receives the aforesaid 
address decoder Ts output signal m2 selection signal (logical *'r') and the aforesaid 
eighth bit signal D8. Then, when signal D7 changes to 0 (low level), strobe signal (t)2 is 
formed, so if it's a read operation read signal Dout from storage device 7 is taken into 
latch register 8. In addition, signal D9, delayed by two clocks, becomes 0, so the 
operation end signal ACK is sent by AND gate circuit Gl and access ends. That is, 
central processing unit CPU not shown in the drawing receives the aforesaid operation 
end signal ACK, and receives the aforesaid read data Dout* via the bidirectional buffer. 
Furthermore, if it's a write operation, input data Din is supplied to storage device 7 during 
the aforesaid chip selection interval CS2, and [the CPU] waits for transfer of operation 
end signal ACK in the same manner as noted above to end the operation. 

FIG. 3 is a timing diagram when accessing high-speed storage device 6 (M 1 ). 
This working example is not particularly restricted, but 000001 1 100 is held in storage 
means 2 as its initial value Tl. Therefore, when a system address signal to select storage 
device 6 is supplied to address decoder 1, its output signal ml is formed, and via selector 
4 the aforesaid initial value Tl is supplied to shift register 5. Then the aforesaid initial 
value T I is taken into shift register 5 in sync with load signal (})1 formed by output signal 
ml and clock Therefore the seventh and eighth bit signals D7 and D8 become 1 per 
the timing of the first clock <j), and the remaining ninth and tenth bit signals D9 and DIO 
become 0. This sort of initial value T I is sequentially shifted to the right, one bit at a 
time, according to clock ()>. Signals D9 and DIO sequentially become 1, each delayed one 
clock by the shift operation. Also, when the third clock <j) arrives, fifth bit 0 in initial 
value Tl is shifted to the seventh bit, so signal D7 becomes 0. Subsequently, signals 
D8-D10 also sequentially change to 0. each delayed by one clock. 

Through the aforesaid shift operation of shift register 5, storage device 6 (M 1 ) is 
selected by the output signal CSl of AND gate circuit G3, which receives the aforesaid 
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address decoder circuit 1 's output signal ml selection signal (logical "1") and the 
aforesaid eighth bit signal D8. Then, when signal D7 changes to 0 (low level), strobe 
signal <t>2 is formed, so if it's a read operation read signal Dou, from storage device 6 is 
taken into latch register 8. In addition, signal D9, delayed by two clocks, becomes 0, so 
the operation end signal ACK is sent by AND gate circuit Gl and access ends. That is. 
central processing unit CPU not shown in the drawing receives the aforesaid operation 
end signal ACK. and receives the aforesaid read data Dou,- via the bidirectional buffer. 
Furthermore, if it's a write operation, input data Di„ is supplied to storage device 6 during 
the aforesaid chip selection interval CSl, and [the CPU] waits for transfer of operation 
end signal ACK in the same manner as noted above to end the operation. 

Through the aforesaid operation low-speed storage device 7 operates for an 
interval of seven clocks <j), and high-speed storage device 6 operates for an interval of 
three clocks 0. Therefore in this working example the memory device operating time can 
be made consistent using one cycle of the aforesaid clock (j) and the number of clocks. 
Setting this sort of operating time (access time) is easy to do by setting the aforesaid 
initial value. 

Effect 

( 1 ) Using a single timing control circuit comprising simple circuits such as an 
address decoder, shift register, selector, and gate circuit, it is possible to obtain a memory 
system, comprising a plurality of storage devices with different operating times, that can 
operate based on cycles corresponding to the operating time for each storage device. 

(2) Timing can be controlled using simple circuits as in ( 1 ) above, so the 
failure rate of the overall memory system can be reduced. 

(3) The number of constituent components of the timing control circuit is 
reduced as in (1) above, so it is possible to obtain an inexpensive memory system. 

(4) Each storage device can be accessed at its optimal operating cycle by 
using (1) above, so there are no inefficiencies in memory access. Therefore it is possible 
to rationalize storage information input and output. 

The invention created by the inventors was described in specifics based on the 
working example presented above, but the present invention is in no way restricted to the 
aforesaid working example; various modifications can be practiced without departing 
from its essence. For example, timing can be controlled for three or more types of 
storage devices according to their respective operating times in the same manner as noted 
above by adding storage means for holding the aforesaid initial values and gate circuits. 
Also, a time measuring (pulse counting) circuit such as a programmable counter or the 
like may be used as the circuit that sets time according to the operating time of each 
storage device instead of the aforesaid shift register. 

In addition, the structure of the specific circuits of each circuit block can take 
various configurations. 

Field of Utilization 

The present invention is widely used in memory systems comprising a plurality of 
storage devices with different operating speeds. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing one working example of a memory system in 
accordance with the present invention. 

FIG. 2 is a timing diagram for explaining timing control of a low-speed storage 

device. 

FIG. 3 is a timing diagram for explaining timing control of a high-speed storage 

device. 
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